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Abstract—The effect of substituent nature and position on a series of late transition metal catalysts based on
nickel (A–D) was investigated practically and theoretically. Catalyst A bearing isopropyl groups on the ortho
position showed the highest activity while for the ortho and para chlorine substituted catalysts B–D insignif-
icant activities were observed. These experimental results were confirmed by theoretical study on the
(pre)catalysts. Based on that, thermodynamics, atomic/molecular effective parameters such as bond dis-
tances, bond angles, band gap or chemical hardness, charge of Mulliken on Ni center, electronic chemical
potential, global electrophilicity index and also activation energy of the pre-catalyst through the alkylation
were calculated. To pursue the steric and electronic effects of substituent on the axial and equatorial sites of
active center, electronic density, electron location function, localized orbital locator graphs as topological
properties were studied. As a result, complex A with lower activation energy for alkylation, higher stability,
greater Mulliken charge on Ni center and high electronic density around the active center was found as a
highly active catalyst. In addition, polymerization conditions such as polymerization temperature and eth-
ylene pressure showed significant effect on the catalysts productivity and branching density of the produced
polyethylene.
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INTRODUCTION
During two last decades after discovery of late tran-

sition metals as olefin polymerization catalysts, tre-
mendous progress has been achieved in this field [1–
3]. Theoretical and practical studies on the most class
of polymerization catalysts have been carried out [4–
6]. However, among these investigations, the relation
between the structure and properties of the complexes
is still under consideration. Theoretical studies along
with the practical experiments are needed to predict
the behavior of complexes or confirm the results and
possible interactions [7–9].

Besides, the behavior of late transition metal com-
plexes in (co)polymerization attracts interest due to
their unique reactivity patterns and unusual catalytic
properties [8]. Moreover, the effect of their structure
such as metal center, multinuclearity, backbone and
substituents on the polymer microstructure and prop-
erties are discussed in the literature [10–13]. For
instance, Terao et al. claimed that there is a relation
between the behavior of complexes and ortho-substit-
uents through the distance between the atoms around
the metal center [14]. Chen et al. synthesized highly
active neutral single-component [N,O] chelating

Ni(II) catalysts which were used in polymerization of
ethylene. They mentioned that shielding of axial sites
above and under the square coordination plane of Ni
center greatly retards chain transfer reactions. This
fact was the reason for further investigations of the
possible ways of the synthesis of high molecular weight
polyethylene [15]. Dai and coworkers studied the
[N,N] ligand steric effect which leads to systematic
tuning of the catalytic performance and polymer prop-
erties [16]. The polymerization activity enhanced
gradually as the size and steric effect of ligand and sub-
stituents increased [16]. Hu et al. also disclosed that
increasing of steric hindrance in the backbone of
amine–imine nickel complexes results in a reduction
of polymerization activity and polyethylene molecular
weight [17]. Zhang and coworkers presented tridentate
[O,N,O] ligand frameworks which were different in
terms of ortho-substituents. They declared that both
electron-donating and bulky ortho-substituents on the
N-aryl ring significantly exert positive effects on the
catalytic activities [18]. The electronic impact along
with the steric effect of substituent may direct the aryl
rings to inhibit the insertion of monomer into active
center [19]. On the other side, the effect of electron
602
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withdrawing groups on the catalyst behavior has been
investigated. Based on this, electronegative groups
such as Cl, Br, CF3, and NO2 on meta and para posi-
tions cause an increasing in catalyst activity and
molecular weight of produced polymer [20–25]. Pres-
ence of electron donating groups on para position also
leads to higher stability and longer lifetime of active
center and producing higher molecular weight of poly-
mer. This observation probably is due to stabilization
of transition state including electrophile unsaturated
alkyl species. However, electronegative groups deplete
in catalyst lifetime and decrease polymer molecular
weight through increasing of instability of active center
and higher rate of chain transfer reactions [25]. There
are also some further reports on halogenated structure
of α-diimine ligands which explained the effect and
mechanism of f luorine substituents on deactivation
reaction [26, 27]. However less information is known
for chlorine substituents which have greater size and
less electronegativity. In addition to catalyst structure,
reaction conditions such as cocatalyst/catalyst molar
ratio, monomer concentration, polymerization time
and temperature are critical factors showing high
impacts on the catalyst behavior, polymerization
kinetic and polymer characteristics [14, 28].

Altogether, the steric and electronic effects of aryl
substituents are two key factors which can modify the
metal center environment through accelerating or sup-
pressing the polymerization reactions. Herein, we
investigated the theoretical parameters such as chemi-
cal hardness η, electronic chemical potential μ, global
electrophilicity index ω, electron density around the
metal center, along with electronic and thermal ener-
gies to reveal and to confirm the fact of impact of
structural parameters on the catalyst behavior and
polymer properties. Moreover, the effect of polymer-
ization conditions on the catalyst performance was
studied.

EXPERIMENTAL

Materials

All manipulations of air and/or water sensitive
compounds were conducted under argon/nitrogen
atmosphere using the standard Schlenk techniques.
All the solvents were purified prior to use. Toluene
(purity 99.9%, Iran, Petrochemical Co.) was purified
over sodium wire/benzophenone. Dichloromethane
(purity 96%, Sigma Aldrich Chemicals, Germany)
was purified over calcium hydride powder, and dis-
tilled prior to use as a complex synthesis solvent.
Polymerization grade ethylene gas (purity 99.9%,
Iran, Petrochemical Co.) was purified by passing
through activated silica gel, KOH, and 4Å/13X molec-
ular sieves column. 2,6-Diisopropylaniline, 2-chloro-
aniline, 2,6-dichloroaniline, 4-chloroaniline, ace-
naphthoquinone, nickel (ІІ) bromide ethylene glycol
dimethyl ether complex [(DME) NiBr2] (purity 97%)
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and diethyl ether (purity 99.5%) were supplied by
Merck Chemical (Darmstadt, Germany) and used in
synthesis of ligands and catalysts. Decaline (decahy-
dronaphthalene, purity 97%) was purchased from
Sigma Aldrich Chemicals (Steinheim, Germany). Tri-
isobutylaluminium (TIBA, purity 93%) was supplied
by Sigma Aldrich Chemicals (Steinheim, Germany)
which was used in synthesis of modified methylalumi-
noxane (MMAO) according to the literature [29].

Polymerization Procedure

Low pressure polymerization was carried out in a
round bottom flask which was equipped with Schlenk
system, vacuum line, ethylene inlet and magnetic stir-
rer. The high pressure (more than 2 bar) was carried
out using a 1-L Buchi bmd 300 type reactor.

Characterization

1H NMR and FTIR spectra were obtained using
Bruker AC-80 and Bruker IF-505 spectrometers,
respectively. Elemental analysis was performed on a
Thermo Finnigan Flash 1112EA microanalyzer. The
viscosity average molecular weight  of some poly-
mer samples was determined according to the litera-
ture [30, 31]. Intrinsic viscosity [η] was measured in
decaline at 133 ± 1°C using an Ubbelohde viscometer.

 values were calculated through Mark-Houwink
equation using α = 0.7 and K = 6.2 × 10–4 [8]. Differ-
ential scanning calorimetry (DSC) was performed on
a Q100 Perkin Elmer instrument with a heating rate of
10 grad/min. GPC curve was resulted using Agilent
PL-GPC220 instruments.

Synthesis of Ligands and Catalysts

Ligands a–d and corresponding complexes A–D
were synthesized according to previously reported
procedure [6] (molecular structure of complexes are
depicted in Fig. 1).

The characterization details of ligand a have been
reported in our recent work [30]. Yield (yellow solid):
96%. 1H NMR (CDCl3, 300 MHz), δH, ppm: 1.0
(12H, d), 1.3 (12H, d), 3.1 (4H, s), 6.8 (2H, d) 7.4 (6H,
m), 7.7 (2H, t), 8.3 (2H, d). MS (EI, m/z): 500 [M+,
100%]. FTIR (KBr, cm–1): 1271 (–C–N–), 1626
(‒C=N–). Anal. Calc. for C36H40N2, %: C, 86.35; H,
8.05; N, 5.59. Found, %: C, 86.18; H, 7.98; N, 5.65.

Synthesis of ligand b as a dark yellow solid, results
in the yield 92%. 1H NMR (CDCl3, 100 MHz), δH,
ppm: 2.1 (6H, s), 2.35 (6H, s), 6.8–7.0 (4H, m),
7.2 (2H, d), 7.5 (2H, d), 7.85–8.00 (4H, m). MS
(EI, m/z): 470 [M+, 100%]. FTIR (KBr, cm–1):
1277 (–C–N–), 1643 (–C=N–). Anal. Calc. for
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Fig. 1. Optimized structures of the precatalysts A–D (hydrogen atoms omitted for clarity).

A B
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C24H12Cl4N2, %: C, 61.3; H, 2.6; N, 6.0. Found, %: C,
61.2; H, 2.5; N, 6.1.

Ligand c as a pale green solid was obtained with the
yield 91%. 1H NMR (CDCl3, 100 MHz), δH, ppm: 2.3
(6H, s), 6.8–7.1 (6H, m), 7.3–7.5 (6H, m), 8 (2H, d).
MS (EI, m/z): 401 [M+, 100%]. FTIR (KBr, cm–1):
1278 (–C–N–), 1655 (–C=N–). Anal. Calc. for
C24H14Cl2N2, %: C, 71.8; H, 3.5; N, 7.0. Found, %: C,
71.7; H, 3.5; N, 7.1.

Ligand d as a dark yellow solid was synthesized with
the yield 93%. 1H NMR (CDCl3, 100 MHz), δH, ppm:
2.3 (6H, s), 6.8–7.1 (6H, m), 7.3–7.5 (6H, m), 8 (2H,
d). MS (EI, m/z): 400 [M+, 100%]. FTIR (KBr, cm–1):
1279 (–C–N–), 1657 (–C=N–). Anal. Calc. for
C24H14Cl2N2, %: C, 71.8; H, 3.5; N, 7.0. Found, %: C,
71.8; H, 3.4; N, 7.0.

Catalysts A–D were synthesized as brown solids.
Their structures are given below:
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Table 1. Results of ethylene polymerization using catalyst A at different temperature, time and [Al]/[Ni] molar ratioa

a Polymerization condition: [Ni] = 2.78 × 10–3 mmol, ethylene pressure: 3.5 bar.

Run Catalyst t, min T, °C [Al]/[Ni] Yield, g Activity,
g PE mmol/Ni h

1 A 30 30 2000 3.72 2676.3

2 30 40 2000 5.65 4064.7

3 30 50 2000 7.60 5467.6

4 30 60 2000 4.50 3237.4

5 30 50 500 2.06 1482.0

6 30 50 1250 4.15 2985.6

7 30 50 3000 3.70 2661.9

8 10 50 2000 1.34 2892.1

9 20 50 2000 4.30 4640.3

10 40 50 2000 7.92 4273.4

Table 2. Results of ethylene polymerization using catalyst A at different pressure

*Polymerization condition: [Ni] = 2.78 × 10–3 mmol. [AL]/[Ni]: 2000, time: 30 min, temperature: 50°C. 
aDetermined according to the literature [30, 31] using an Ubbelohde viscometer.
bDetermined by DSC.

Run P, bar Yield, g Activity,
g PE mmol/Ni h

M
v

a ×105, 
g/mol

ΔHb, J/gr Tm
b, °C Xc

b, %

11 1 2.48 1784.2 2.8 – – –

3 3.5 7.60 5467.6 2.9 – – –

12 5 8.40 6043.2 3.2 26.8 98.2 9.1

13 6 9.07 6525.2 3.3 45.3 104.1 15.5
The yield of catalyst A is 95%. FTIR (KBr, cm–1):
the imine signal was shifted to weak field as it coordi-
nated to the Ni; 1622 cm–1 (–C=N–). Anal. Calc. for
C36H40Br2N2Ni, %: C, 60.1; H, 5.6; N, 3.9. Found, %:
C, 59.6; H, 5.2; N, 3.6.

Catalyst B was obtained with the yield 91%. FTIR
(KBr, cm–1): the imine signal was shifted to weak field
as it coordinated to the Ni; 1625 (–C=N–). Anal.
Calc. for C24H12Br2Cl4N2Ni, %: C, 55.4; H, 4.0; N,
4.6. Found, %: C, 56.5; H, 4.2; N, 4.4.

Catalyst C was synthesized with the yield 86%.
FTIR (KBr, cm–1): the imine signal was shifted to
weak field as it coordinated to the Ni; 1638 (–C=N–).
Anal. Calc. for C24H14Br2Cl2N2Ni, %: C, 46.5; H, 2.3;
N, 4.5. Found, %: C, 45.8; H, 2.1; N, 4.1.

Synthesis of catalyst D leads to the yield 90%.
FTIR (KBr, cm–1): the imine signal was shifted to
weak field as it coordinated to the Co; 1628 (–C=N–).
Anal. Calc. for C24H14Br2Cl2N2Ni, %: C, 46.5; H, 2.3;
N, 4.5. Found, %: C, 45.9; H, 2.2; N, 4.4.
POLYMER SCIENCE, SERIES B  Vol. 62  No. 6  2020
RESULTS AND DISCUSSION

Ethylene Polymerization Using Catalyst A

For ethylene polymerization catalyzed by A
(Fig. 1), the effects of reaction parameters such as
cocatalyst/catalyst molar ratio, temperature, time and
pressure on the catalyst performance were studied.
The results are presented in Tables 1 and 2. It revealed
that the catalyst activity increases as the temperature
raised from 30 to 50°C. However, at higher tempera-
ture the activity decreases due to irreversible deactiva-
tion (decomposition) of the active species and
decrease of ethylene solubility [8, 15, 32, 33]. The
optimum value of [Al]/[Ni] molar ratio is equal to
2000. At lower catalyst concentration the excess
amount of MAO can lead to formation of inactive sta-
ble catalyst···cocatalyst counter-ion and suppressing
the propagation [8, 34]. The catalyst behavior in terms
of polymerization time indicated that the catalyst
activity increases until 30 min of polymerization which
may correspond to alkylation of all active centers by
co-catalyst. At later polymerization time, degradation
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Fig. 2. GPC curve of PE sample made by catalyst A (Run 3).

32 4 5 6 7
log Mw

Table 3. Results of ethylene polymerization using catalyst
B–D at different polymerization temperaturea

a Polymerization conditions: [Ni]: 2.78 × 10–3 mmol, ethylene
pressure: 1.5 bar, polymerization time: 30 min, [A]/[Ni]: 2000.
b The values were rounded to simplify,
c The values were negligible.

Run Catalyst T, °C Yieldb, g
Activity,

g PE mmol/Ni h

14 B 10 –c –c

15 20 –c –c

16 30 0.02 6.5

17 40 0.03 9.0

18 C 10 –c –c

19 20 0.02 5.0

20 30 0.02 7.6

21 40 0.03 9.4

22 D 10 0.02 7.2

23 20 0.04 14.4

24 30 0.05 18.0

25 40 0.06 21.6
and deactivation of active centers prevents monomer
insertion and leads to decrease of catalyst activity [8, 34].

Study on the influence of monomer pressure
(Table 2) showed a non-linear increasing of the cata-
lyst productivity due to high concentration of mono-
mer at the environment of active center accelerating
the propagation/termination rate [8, 15, 32, 35]. The
growth of the pressure is accompanied by the increase
of melting point Tm, crystallinity Xc and molecular
weight . The GPC curve (Fig. 2) of sample made by
catalyst A (run 3) shows a narrow MWD and moderate
molecular weight of PE (Mw = 141000 g/mol, Ð = 2.1).

Ethylene Polymerization Using Catalysts B–D

To study the effect of chlorine substituent number
and position on the catalyst behavior, complexes B–D
were used in the polymerization of ethylene at various
polymerization temperatures (Table 3). The experi-
mental results showed that catalysts B, C and D are
almost inactive for polymerization in comparison to
complex A. This observation is due to nature of sub-
stituents. The presence of halogens on the aryl rings
deactivates the metal center in terms of electronic and
steric effects [13, 31]. Moreover, position and extent of
the chlorine groups revealed that the high withdrawing
groups (halogens) on ortho-position make the centers
to be inactive while the para position showed better
impact on the catalyst activity [19, 24, 31]. However,
absence of an electronic balance on the metal center is
a critical point in activity of a coordination site. There
are many reports on the study of ligand structure
impact and catalyst behavior as mentioned before, but
there is still a demand for theoretical investigation to
confirm or even predict the complex behavior in the
field of olefin polymerization.

v
M

PO
Theoretical Study on the Precatalyst
and Catalyst Structures

The theoretical calculations were carried out using
DFT method at B3LYP level by 6-31+G basis set
(by Gaussian 09W). Moreover, to compute and depict
the electron densities, graphs and structures, Multi-
WFN 3.1 and GaussView 5.0 programs were
employed. The structures and computed results of
LYMER SCIENCE, SERIES B  Vol. 62  No. 6  2020
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Table 4. Bond distances and bonding angel calculated by DFT for precatalysts and catalysts A–D

P means precatalyst, C means catalyst, E means ethylene.
aMean bond distance and bond angels considered.
bX: the nearest atoms except hydrogen (carbon or halogen) on ortho-position of aryl ring.
cX: the furthest atoms except hydrogen (carbon or halogen) on ortho-position of aryl ring.
dH: The nearest hydrogen atoms on ortho groups.
eH: The furthest hydrogen atoms on ortho groups.

Parameters P–A P–B P–C P–D P–E C–A C–B C–C C–D C–E

Ni–Br 2.34 2.30 2.29 2.30 2.34 – – – – –

Ni–Me – – – – – 1.91 1.91 1.91 1.87 1.91
Ni–N 1.90 1.94 1.94 1.94 1.90 1.96a 1.95a 1.95a 1.94a 1.96
C=N 1.30 1.31 1.31 1.31 1.31 1.30 1.31 1.31 1.30 1.30

Ni········Xb 3.45 4.02 4.12 – 3.45 2.50 2.39 2.35 – 2.50

Ni········Xc 4.18 4.03 – – 5.45 3.86 3.94 3.96 – 3.86

Ni········Hd 2.50 – 3.69 3.81 2.50 1.80 – 3.79 3.12 1.79

Ni········He 3.42 – – 3.79 6.28 3.01 – 4.70 3.69 3.01

Br–Ni–Br 94.79 92.07 91.82 91.90 94.78 – – – – –
N–Ni–N 85.20 83.59 83.70 83.84 85.14 85.43 84.78 84.77 85.74 85.37
N–N–C 127.79 126.23 126.68 127.01 126.66 126.46a 123.18a 123.42a 124.16a 126.39

Table 5. The parameters calculated for precatalysts and catalysts A–D

P means precatalyst, C means catalyst, E means ethylene.

Parameters P–A P–B P–C P–D P–E C–A C–B C–C C–D C–E

Mulliken charge on Ni 0.430 0.271 0.432 0.613 0.425 1.099 0.650 0.735 1.072 1.04

η or band gap, eV 0.080 0.071 0.072 0.072 0.079 0.108 0.103 0.101 0.104 0.104

–μ 0.163 0.175 0.172 0.178 0.173 0.281 0.294 0.292 0.298 0.288

ω 0.166 0.216 0.206 0.219 0.189 0.366 0.420 0.421 0.430 0.398
precatalysts and catalysts A–D are depicted in Fig. 1
and gathered in Table 4. Longer Ni–Br bond distance
in precatalyst A facilitates the bond dissociation for
activation and alkylation. It also can be noticed that
the distances of nearest adjacent atoms (carbon and
hydrogen) on the ortho position of aryl ring for both
precatalyst and catalyst A are the lowest values. This
issue illustrates that the electronic and steric effects of
substituents are controlling the activation step. Further-
more, it also has been reported that the presence of ace-
naphthene group keeps bis-aryl rings away from each
other and increases the N–Ni–N bond angel [36].

This effect reduces the steric effect around the
active center. However, the electronic effect of ace-
naphthene makes the ligand to be a better π–acceptor,
inducing electron deficiency on the active center and
more chain transfer reactions [30, 36]. Moreover,
ortho substituent on one position leads to producing
oligomer while the presence of groups on both posi-
tions conducts polymerization [37].
POLYMER SCIENCE, SERIES B  Vol. 62  No. 6  2020
It is also expressed that the ligands bearing electro-
negative substituents cause instability of active center
reducing catalyst lifetime and through the high chain
transfer reactions, it leads to production of polymer
with low molecular weight [25]. The influence of para-
position groups on bis-aryl rings implies long distance
effect conducting higher catalytic activity [19, 22, 23].

Considering the experimental results, B and C are
unstable due to the presence of chlorine substituents
on the ortho position and short lifetime along with the
formation of inactive form (interaction of Ni···Cl
based on the theoretical data confirmed the observa-
tions), whereas A was active with longer lifetime.
Albeit the catalyst D bearing para chlorine substituent
could be effective in the polymerization but absence of
the ortho-alkyl groups led to not showing good results.
Moreover, the parameters such as charge of Mulliken
on Ni revealed that high positive charge induces cap-
turing and more diffusion of monomer toward the
active site and consequently higher activity of catalyst
can be obtained (Table 5). Band gaps or chemical
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Fig. 3. Relative energy profile for precatalysts and catalysts
A–D.
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hardness η and electronic chemical potential μ in rela-
tion of stability and interaction energy also exhibited
that higher η and -μ lead to more stability of catalyst
[38, 39]. To better understanding, the precatalysts and
catalysts through the alkylation reaction of complex by
cocatalyst were considered in the computation. As it
PO

Fig. 4. Topological properties of catalyst A: 
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can be seen in Figure 3, the required energy for the
activation of A is less than the others which is in the
order of A < D < C < B.

It should be noted that in order to study on topo-
logical properties, activated form of the complexes
were considered [40, 41]. The structure of each cata-
lyst is depicted in the Cartesian coordinate system
(X,Y,Z) containing the Ni center as the electron den-
sity and electron location function (ELF) and local-
ized orbital locator (LOL) graphs plotted in the XY,
XZ, and YZ planes (Figs. 4–7). These graphs clearly
showed the effect of structure on the environment of
active center. Regarding the XZ and YZ planes in cata-
lyst A (Figs. 4b, 4c), the isopropyl groups effectively
shielded the axial sites, both sides above and under the
square coordination plane of Ni center [42]. This
greatly retards chain transfer reactions and inhibits the
latent site formation and strong Ni+···counter anion
(cocatalyst) interaction [15, 43, 44]. This phenome-
non also can be distinguished by the colored area
around the Ni center affording higher stability and
activity of the metal center. At the XY planes (Fig. 4a),
the traces of electrons and orbitals of substituents can
be observed which can block the equatorial sites as
hindering effect. The bulky substituent on equatorial
sites also suppress the chain transfer reaction and leads
LYMER SCIENCE, SERIES B  Vol. 62  No. 6  2020
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Fig. 5. Topological properties of catalyst B: (a) electron density, (b) ELF, and (c) LOL.
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Fig. 6. Topological properties of catalyst C: (a) electron density, (b) ELF, and (c) LOL.
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Fig. 7. Topological properties of catalyst D: (a) electron density, (b) ELF, and (c) LOL.
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to higher molecular weight of produced polymer [45].
This point can be sterically influenced by less capabil-
ity for efficient activation.

Figure 5a exhibits the structure of catalyst B; the
ortho-chlorine substituent is in electrostatic interac-
tion with the active center forming inactive site [31]. In
addition to all aforementioned reasons, this interac-
tion is suggested for almost inactivity of B in polymer-
ization. This interaction is observed also for C (Fig. 6).
As it can be observed, the electrostatic interaction of
chlorine atom with cationic Ni center of catalyst C
caused a rotation of the aryl ring and axial sites
exposed to chain transfer reactions. Accordingly, the
electron density and electronic effects are depleted.

The presence of withdrawing group (such as CF3,
NO2, Cl, Br and etc.) on the para position has impact
on the metal center even from long distance [20–25].
However, the absence of blocking groups on axial sites
diminished the effect of para-substituent for D. It can
be observed in the Fig. 7.

CONCLUSIONS
Four α-diimine Ni-based catalysts were synthe-

sized and used in the polymerization of ethylene. The
effect of substituent nature and position on the catalyst
behavior revealed that the catalyst A, bearing isopropyl
PO
groups on the ortho position has the highest activity
while for the ortho and para chlorine positioned cata-
lysts B–D, insignificant activities observed. The
experimental results were confirmed by the theoretical
study. This part of investigation revealed that if the bond
distances and bond angles be high (P–A), the complex
may be alkylated by cocatalyst efficiently and feasibly.
Higher charge on the metal center along with the effec-
tive shielding axial sites can cause higher monomer
insertion into the growing chain. The other parameters
such as η, μ and ω are in relation to the (pre)catalyst
energy, that higher stable species show lower reactivity.
In the other side, steric and electronic effects of substit-
uent on the axial and equatorial sites, electronic density,
ELF and LOL indicators as topological properties
exhibited an impressive blocking axial sites through the
orientation of aryl rings, ortho substituent and elec-
tronic environment for catalyst A, above and under the
square coordination plane. The presence of chlorine
atom on the para position could be effective if the axial
site well shields by ortho substituents.
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